Abstract. The two-spotted spider mite, Tetranychus urticae is one of the most important agricultural pests which can attack about 1200 species of plants of which more than 150 are economically important. The pest has the ability to rapidly develop resistant to many important acaricides and this is one of the major obstacles for control of this pest. Nanotechnology is the field of engineering functional systems at the molecular scale and is burgeoning day by day making an impact in all dimensions of human life. In this study we used concentrations of 0
INTRODUCTION
The two-spotted spider mite, T.urticae Koch (Acari: Tetranychidae), is one of the most important agricultural pests (Nachman and Rostislav, 2002; Shih et al., 1976 ) that annually make a lot of damage and is the most important specie from 1200 species of Tetranychidae family. It can proliferate and propagate very quickly and also this species can be adapted to different environmental conditions. Furthermore they had a broad host range (Bollend et al., 1998) . Until now this pest showed resistance to 80 types of pesticides and its economical restriction because of increase in its resistance to pesticides and its growth rate is growing daily (Cranham and Andhelle, 1985) . This pest can attack about 1200 species of plants (Zhang, 2003) of which more than 150 are economically important (Jeppson et al., 1975) .
This pest nourish from chlorophyll, and by evacuation of cell contents cause symptoms like yellowing of leaves, reduction of chlorophyll and disturbance in plants photosynthesis and so it causes reduction in the growth rateagricultural and ornamental plants. Increasing the pest's population can cause a cosmetic damage to the appearance of ornamental plants ( Kropczynska and Tomczyk, 1989) . T.urticae has the ability to rapidly develop resistant to many important acaricides and this is one of the major obstacles for control of this pest (Stumpf et al., 2001 ).
By development of pesticide resistance and resurgence of mite populations the economic threat of mites has been increased (Helle and Sabelis, 1985) . Nanotechnology is a rapidly growing field with its application in science and technology for the purpose of manufacturing new materials at the nano scale level (Gavanji et al., 2012) . Nanotechnology is the field of engineering functional systems at the molecular scale and is burgeoning day by day making an impact in all dimensions of human life (Taniguchi, 1974) .
Today the main flows of research in nanotechnology focused on filed such as electronic, medicine, biology and manufacturing robots (Gavanji et al., 2013) . The experiences in these fields can be used in agriculture and food industries. Indeed the nano science has affected all areas of knowledge. Elemental sulfur fungicide has long been used for plant disease control, including blossom blight; however its efficacy undoubtedly is lower than that of modern conventional fungicides (Byrde and Willetts, 1977; Lewis and Hickey, 1972; Williams and Cooper, 2004; Wormald, 1954) . Elemental sulfur also is available in a micronized wettable form which is prepared by a special manufacturing process to ensure that particles are extremely fine (Tweedy, 1981) .
Price and James (in press) in 2002 found that sulfur halved longevity and fecundity of T.urticae Koch. Although sulfur can initially suppress mite populations (Croft, 1990) , mite densities often increase after applications cease, apparently because sulfur increases mortality and decreases fecundity of predators (Hanna et al., 1997; . Pesticides can also impact spider mite densities indirectly via negative effects on spider mite natural enemies or by altering plant (Mcmurtry and Croft, 1997) .
Sulfur is the oldest fungicide and has been used for more than 2,000 years. Lime sulfur can be used to control rust mites and scale pests and it can be applied as a preventive fungicide against powdery mildew, rose black spot, rusts, and other diseases. Lime sulfur can cause severe toxicity on plant feeding mites and small insects by contact and vapor effect (Tomlin, 2003) . Several studies on lime sulfur at application rates between 100× and 200× has been used for the control of A. pelekassi and U. yanonensis in early summer on citrus trees. These application rates can give excellent control against A. pelekassi and they can give good control against U. yanonensis because the developmental stage of this scale is between the 1st nymph and early soft body stage of 2nd nymph at this time (Kim et al., 2007) . Sulfur have harmful effects on phytoseiid mites (Croft and Brown, 1975; Hanna et al., 1997) and also tydeid mites (English-Loeb et al., 1999) which are alternative preys for phytoseiid mites (Mcmurtry and Croft, 1997) in agricultural fields and laboratory tests (James and Coyle, 2001; Kreiter et al., 1998) . Most acaricides affect more than one life stage, but every acaricide has more mortality effect on certain life stages (Pietrosiuk and Andmiros, 2003) . For this reason we studied the acaricidal effects of sulfur and nano sulfur on nymph and mature spider mites. The aim of this study was to determine the lethal effects of sulfur and nano sulfur on T.urticae and also to determine the comparative toxicity of these two on T.urticae. 
MATERIALS AND METHODS

Nano particles Preparation
Sulfur powder was obtained from Mobin chemistry Espadan Company. Studies were performed in Department of Agriculture and Natural Resources Research Center of Isfahan province and Islamic Azad University of Khorasgan. Sulfur nano particles (SNPs) with the following properties were obtained from Mobin chemistry Espadan Company (figure 1). The purity, density and PH of SNPs were 99.99%, 1.05g/ml, 7 ± 5 respectively. The SNPs were prepared in concentrations of 0.25, 0.75, 1.25, 2.5, 5, 10, 25, 50, 100, 200, 500, 1000, 2000, 3000 and 4000 by dilution in pure water and shaking.
Plants and mites
At first the bean plants (Phaselus vulgarises) were cultivated in the greenhouse of agricultural research center of Isfahan. After that a T.uricae population was collected from bean plants in the plant protection laboratory of Khorasgan University. Then in order to increase the number of mites, 100 bean plants free of pests were selected and 50 adult male and female mites were transferred on 20 bean plants in controlled conditions including temperature of 25 ±1°C, relative humidity equal to 70±5 and 16:8 L: D photoperiod and by increasing the number of mites, the number of pots also increased. Also to prepare fresh leaves, 100 bean plants free from pests were kept in another greenhouse. The experiments were based on leaf spray method. T.urticae reared on bean plants at 25±4°C and 60±4% RH under a 16-h light regime without any exposure to pesticides. 
Leaf spray method
In this experiment new bean leaves with long petioles picked over and laid on wet cotton in Petri dishes and covered with aluminum foil. Then five mites were transferred on leaves and solutions of nano sulfur and sulfur at 0. 25, 0.75,1.25, 2.5, 5,10, 50,100, 200, 500, 1000, 2000 , 3000 and 4000 ppm concentrations were sprayed on the leaves. Weight of liquid that sprayed on leaves was between 1 mg/cm 2 and 5 mg/cm 2 . The effect of nano particles on mites was checked at 24, 48 and 72 hours interval. For counting the number of alive or dead mites, a hand magnifier with magnification of 10X was used.
Statistical analysis
Analysis for obtaining LC 50 values was performed with PLO Plus software and mortality rates (percentage) were analyzed in a Completely Randomized design (CRD) using PROC GLM of SAS 9.1. Differences were compared by Tukey's HSD and considered as significant at P<0.05.
RESULTS AND DISCUSSION
Average mortality of the adults and nymphs in the laboratory bioassays showed that nano sulfur, in comparison with sulfur, have more and meaningful effects on mites (Table 1, 2, 3 ). According to these results the nano sulfur is much more lethal than sulfur. The LC 50 of nano sulfur and sulfur in laboratory and greenhouse bioassays on adults and nymphs showed that as time pasts, both products have residual efficacy. The results of the laboratory bioassay on adults showed that nano sulfur is more toxic than sulfur at different time intervals against both adults and nymphs (table 2 and 3). Although sulfur can suppress the mite population at first (Ayyappath et al., 1997; Zamberlan and Froncheti, 1994) , mite densities often increase after applications cease, apparently because sulfur increases mortality and decreases fecundity of predators (Hanna et al., 1997; . Auger et al (2003) reported the effect of wettable sulfur on egg, juvenile and adult of Tetranychus urticae. By using 12 and 25g/lit of wettable sulfur at 20, 27.5 and 35°C condition, they could control 90% of T. urticae eggs. Also they reported that after 4 days of spraying, more than 80 to 90% of female adults were controlled. Today developments in nano science caused many gains with agricultural uses. These developments from one side lead to modernization of old agricultures and cause to produce wide range of products and from another side increase the human control over natural resources. In this study it was revealed that some concentrations of sulfur in nano scale can affect the spider mites. The average mortality of nano sulfur on adult mites showed that the concentrations (1000, 2000, 3000 and 4000 ppm) are more effective than other concentrations. At first day of treatment in greenhouse conditions, LC50 of sulfur and nano sulfur for adults were 2941 and 2344.9 ppm respectively. But the results of 3, 5, 7 and 9 days after treatment showed that as the time pasts, the nano sulfur lethal concentration for controlling 50% of adults decreased while that of sulfur increased (Table 1) . So a comparative analysis of nano sulfur with sulfur in this study showed that the sulfur in nano scale can be more effective and stable on T. urticae at different life stages.
CONCLUSION
This study contributes to comparative acaricidal efficacy of sulfur and nano sulfur against Tetranychus urticae. It confirms that nano sulfur is a product effectively active against T. urticae. Sulfur is an adulticide and nymphicide, but it was revealed that sulfur in nano scale shows a better inhibitory effect on mite populations. As some mite species seem to be more susceptible to sulfur than others (Jackson and Leigh, 1967; Mistric and Rainwater, 1952; Abo-ElGhar and Boudreaux, 1958) . It can be interesting to test the side-effects of nano sulfur on other species of Tetranychidae.
